INTRODUCTION
Tasmanian platypuses (Ornithorhynchus anatinus) are susceptible to a fungal disease that can cause skin lesions, morbidity, and mortality in these iconic Australian animals (Stewart and Munday, 2005) . The disease was first detected in platypuses from the Elizabeth River in Tasmania's northern midlands in 1982 (Munday and Peel, 1983) . The fungal pathogen responsible was identified as Mucor amphibiorum (Obendorf et al., 1993) . Although M. amphibiorum can cause mortality in a variety of amphibian species on mainland Australia (Frank, 1975; Speare et al., 1994) , only platypuses appear to be affected by the fungus in Tasmania. The pathogen may have been introduced to Tasmania via infected frogs or toads illegally imported as pets or transported with fruit shipments from mainland Australia (Munday et al., 1998) .
The historic spread of mucormycosis in Tasmanian platypuses from 1983 to 2005 is detailed in Gust and Griffiths (2009) , and the current distribution, prevalence, and persistence of the disease were recently described following extensive live-trapping surveys across Tasmania (Gust et al., 2009) . Mucormycosis transmission pathways remain speculative in platypuses (Connolly, 2009; Gust and Griffiths, 2009) , and diagnosis of mucormycosis depends primarily on the presence of skin ulcers. While confirmatory culture of M. amphibiorum (Sabouraud's agar) is advised, it is not always possible, nor successful, due to masking by vigorous growth of other fungal and bacterial species. One small-scale study (Connolly et al., 1999) showed hematologic and biochemical changes associated with M. amphibiorum infection. However, a largescale assessment of the health of Tasmanian platypuses (including physical examination and hematologic and biochemical analyses), the effects of M. amphibiorum infection, and the predictive possibility of changes in these measures has not been conducted until now. Hence, the primary aims of our study were to: 1) determine the association, if any, between mucormycosis in Tasmanian platypuses and hematologic and biochemical measures, trypanosome and tick infections, altitude, and other parameters, 2) compare hematologic and plasma biochemical measures of free-ranging Tasmanian platypuses in river catchments grouped by their mucormycosis disease status; and 3) establish robust reference intervals for some hematologic and biochemical measures in freeliving platypuses.
MATERIALS AND METHODS
Catchment boundaries in Tasmania's 48 river catchments are defined by the Land Information System Tasmania (hereafter LIST; Department of Primary Industries, Parks, Water and Environment, 2009).
Live trapping surveys
Platypuses were trapped in 18 river catchments and 75 waterways across Tasmania (including King Island) from January 2008 until June 2009. The catchments were classified as historically (5), currently (4), and possibly affected (5), or had no evidence of disease (4) and were outside the known distribution of mucormycosis. Platypuses were sampled at King Island because they represent an unusually small, discrete population between Tasmania and Victoria, their disease status was unknown, and they may be particularly vulnerable to mucormycosis due to potentially low genetic diversity (K. Belov, pers. comm.). Sampling was conducted using nets; sampling sites were recorded using a handheld global positioning system (GPS); and sampling site altitude was determined by mapping using ArcGIS 9.3 (ESRI, Melbourne, Victoria, Australia). The sampling method and catchment disease status are described in detail by Gust et al. (2009) . The individuals captured were assumed to be random samples of each population.
Animal capture, handling, and health assessment Captured platypuses were retrieved from nets within 1-2 hr (occasionally longer if trapped in the hours before dawn) and initially kept in a dry hessian sack. They were then transferred to calico bags with a corner removed to allow the bill to protrude while the animal remained within the bag. All animals were individually identified on the first capture with a passive integrated transponder (PIT) tag (Trovan, Hessle, East Yorkshire, UK or Allflex, Capalaba, Queensland, Australia) inserted subcutaneously between the scapulae. Visual health assessments were made by physical examination of each captured individual to determine the presence of ulcers, granulomas, wounds, or other abnormalities (Munday and Peel, 1983; Connolly et al., 1998) . Individuals were considered to be clinically healthy when no external injuries or lesions were observed and there was no evidence of disease or emaciation.
Sex and age class were determined by the presence, absence, or morphology of the spurs (Temple-Smith, 1973) . Females were classified as juvenile (spur buds present) or adult (no spurs) and males as juvenile (spur class 1-2), subadult (spur class 3), or adult (spur class 4-5). A tail fat index (TFI) was used as a qualitative assessment of overall body condition (Grant and Carrick, 1978) . The thickness and flexibility of the tail were assigned a score from 1 to 5, where 1 represented individuals in best condition with turgid tails and extensive fat reserves, and 5 represented emaciated individuals with minimal fat reserves. Standard morphologic measurements (weight, total body length, bill dimensions) were taken. The presence of ticks (Ixodes ornithorhychi) was assessed as absent (no adult or instars present), low (1-10), medium (10-100), or heavy (100+). Individuals were released at the capture location immediately after processing. All procedures and measurements (including blood sampling, see below) were carried out within 30 min of animal retrieval from nets.
Blood sampling
A blood sample of 1-3 ml was obtained from the upper rostral bill sinus of conscious, restrained individuals as described by Whittington and Grant (1983) following the application of a local anesthetic (0.2 ml 2% lignocaine). In some cases, the bill sinus could not be accessed, and samples were not obtained; in other cases, less than 1 ml was obtained, limiting the total number of parameters that could be measured. Depending on the volume of blood obtained, samples were divided between an ethylenediaminetetraacetic acid (EDTA) and a lithium-heparin tube (up to 1 ml; Greiner Bio-One GmBH, Kremsmü nster, Austria), and two blood smears. Blood tubes were kept refrigerated for a maximum of 48 hr (but routinely ,24 hr). Lithium-heparin samples were separated by centrifugation (2,000 3 G for 15 min), and plasma was extracted and stored at 280 C for #12 mo until analysis.
Hemoglobin, hematocrit, and mean cell volume, and total white blood cell, neutrophil, eosinophil, lymphocyte, monocyte ,and platelet counts were carried out using a Sysmex XE-2100 Automated Hematology Analyzer (Sysmex, Kobe, Japan) in National Association of Testing Authorities (NATA)-accredited pathology laboratories in Launceston, Burnie, and Hobart, Tasmania. Full hematologic profiles were obtained for up to 148 blood samples. Plasma urea, creatinine, total bilirubin, plasma alkaline phosphatase (ALP), alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (GGT), aspartate aminotransferase (AST), total protein, and albumin were measured using kits (Thermo Electron Oy, Vantaa, Finland) on a Konelab 20XT Clinical Chemistry Analyzer (Thermo Electron Oy). Globulin was calculated as the difference between total protein and albumin. Insufficient blood was obtained from several animals to allow full biochemical analysis, and, hence, sample sizes for analytes range from 31 to 139.
Smears were made immediately from fresh blood using the ''wedge'' method (Clark, 2004) . Slides were allowed to air dry and then were stored for later examination. The slides were stained with Haem Kwik (HDS Scientific, Glengala, Victoria, Australia) and examined under light microscopy for trypanosomes (Trypanosoma binneyi; Mackerras, 1959) . Fifty nonoverlapping fields were examined at 2003 magnification, and the total number of trypanosomes was recorded, as well as the frequency of occurrence (i.e., the proportion of fields with trypanosomes).
Statistical analysis
Reference intervals were calculated by three methods: 1) The mean and standard deviations (SD) for each analyte were estimated using general linear modeling, adjusted for mean levels of altitude, catchment disease status, log(ticks), total trypanosomes, TFI, weight, and gender, where the values for the range from 22 SD to +2 SD were identified; 2) the values of the 2.5, 97.5, and 99.5 percentiles were estimated by simultaneous quantile regression (the nonparametric percentile method) unadjusted for covariates; and 3) the values of the 2.5 and 97.5 percentiles were estimated by sequential quantile regression adjusted for mean levels of altitude, catchment diseases status, log(ticks), log(total trypanosomes), TFI, weight, and gender. These estimations were applied to all the samples collected, and also to only those platypuses thought to be adult animals. Mean (and SD) values for demographic subject descriptors were estimated for each catchment and catchment disease status using general linear modeling unadjusted for covariates, and for the hematologic and biochemical analytes using general linear modeling adjusted for mean levels of altitude, log(ticks), total trypanosomes, TFI, weight, and gender. The predictors of ulceration were examined by estimating the rates of ulceration and corresponding incidence rate ratios (IRRs) using multivariate Poisson regression. Covariates to be included in the final model were selected by backward stepwise regression with forced selection of tick and trypanosome infestation rates, and those covariates selected were displayed in the appropriate table. P-values were corrected, where necessary for multiple comparisons, by the Holm method. All statistical analyses were performed using Stata/SE 11.0 (StataCorp, College Station, Texas, USA). P,0.05 was considered statistically significant.
RESULTS

Overall incidence of mucormycosis
Of the 179 platypuses studied (167 captured and 12 presented for necropsy), seven had overt signs of mucormycosis. Ulcerated individuals were distributed across four currently affected catchments. The proportions of ulcerated individuals captured in each affected catchment were: South Esk (1/18, 6%), North Esk (4/29, 14%), Meander (1/12, 8%), and Brumby's Lake (1/11, 9%).
Predictors of mucormycosis, body weight, and hemoglobin
Multivariate analysis revealed that ulceration was associated with low tail fat content (high TFI) and living (or at least being trapped) at higher altitudes (Ta-ble 1). Conversely, ulcerated animals were more likely to have a lower trypanosome load than their healthy counterparts, but they had a similar number of ticks. The major associations of low body weight were being female and high trypanosome load (Table 2) . Hemoglobin was negatively associated with tick and trypanosome loads (Table 2) .
Comparisons across catchment disease status
Hematologic and biochemical measurements for platypuses captured in catchments of varying disease status are de- Tables 3 and 4 . Pooled data showed no differences in mean platypus tail fat index, log(tick) numbers, or trypanosome numbers associated with catchment disease status (Table 3) . Similarly, there was no significant difference in hemoglobin, white cell count, hematocrit, or eosinophil measures on the basis of catchment disease status (Table 4) . However in catchments with no evidence of disease, neutrophils and mean cell volumes were higher and platelet counts were lower relative to the other catchment disease categories (Table 4) . Monocyte and lymphocyte counts were also both significantly higher in currently affected catchments. Catchment disease status had little effect on creatinine, total protein, globulin, or albumin (Table 4) . However AST, ALP, and ALT were all significantly higher and GGT was significantly lower in catchments with no evidence of disease. Both urea and bilirubin displayed more complex patterns of variation with catchment disease status (Table 4) .
Reference intervals
Reference intervals for all hematologic and biochemical measurements are provided in Tables 5 and 6 .
DISCUSSION
Previous studies of the health of freeliving platypus populations have been limited by the low numbers of animals studied (usually less than 50) or by the extended sampling time frames (sometimes years), which introduce factors that confound statistical analysis. Covering 75 study. However, the data set is suitably large to allow detailed, multivariate statistical interrogation, and so some reasonable associations may be determined between ulceration and a number of hematologic and other measures. In this study, rather than comparing individual measurements from generally healthy animals with ulcerated animals, we used multivariate Poisson regression to determine the variables that were associated with ulceration. None of the hematologic or biochemical measures predicted ulceration. Rather, the primary predictors were body condition (low tail fat content [i.e., high TFI]), living at higher altitudes (.300 m), and, strangely, low trypanosome load. Given that trypanosome load was negatively associated with ulceration, and tick loads were similar for ulcerated and nonulcerated animals, it is unlikely that ticks are the vector for transmission of the fungus, and concurrent infection with trypanosomes is unlikely to increase susceptibility to infection by M. amphibiorum. Nevertheless, high tick loads are likely to be responsible for low hemoglobin measures in infested platypuses and may facilitate trypanosome proliferation in these individuals.
Catchments were amalgamated into four groups based on disease status. Comparisons of hematologic data over these large scales suggested an overall lymphocytosis and monocytosis in animals from currently mucormycosis-affected areas, and they also suggest that some level of immune response to the introduced fungus is now widespread in individuals from affected catchments. However, the analysis also suggested marked neutropenia in possibly affected (48% reduction), historically affected (49% reduction), and currently affected catchments (39% reduction) relative to the catchments with no evidence of infection. A small reduction in mean cell volume (MCV) was observed in animals from the same catchment groupings. Relative thrombocytosis (23-44% increases) was also observed in possibly, historically, and currently affected catchments. Connolly et al. (1999) are the only group to have previously compared hematologic parameters of ulcerated animals (10 in total) and healthy (27) controls, reporting that ulcerated animals were mildly anemic and lymphopenic. Interestingly, AST, ALT, and ALP were all significantly lower in platypuses from possibly, historically, and currently affected catchments, suggesting no liver damage (AST and ALT) or evidence of biliary obstruction (ALP). In contrast, GGT was higher in these same catchments, although the clinical significance of such an increase is unclear when all other enzymes measured were reduced.
The large number of animals trapped over 18 mo allowed reliable reference a MCV 5 mean cell volume; ALP 5 plasma alkaline phosphatase; ALT 5 alanine aminotransferase; GGT 5 gammaglutamyl transpeptidase; AST 5 aspartate aminotransferase. b Mean (and standard deviation [SD] ) estimated by general linear modeling, adjusted for mean levels of altitude, catchment diseases status, log(ticks), total trypanosomes, tail fat index (TFI), weight, and gender. c Percentile distribution estimated by simultaneous quantile regression: unadjusted; and adjusted for altitude, catchment diseases status, log(ticks), total trypanosomes, TFI, weight, and gender.
intervals to be generated for several parameters. The hematologic and serum biochemical intervals we report, where sample sizes ranged from 31 to 150, largely confirm the 1999 values obtained for 27 free-living animals (Connolly et al., 1999) . Values for individual catchments and their associations with various measures are presented as supplementary material in the online version of this article. In summary, we document hematologic, biochemical, and other parameters of platypuses captured as part of the largest field study conducted of this iconic species in Tasmania. Although white and red blood cell counts, hemoglobin, and other hematologic indicators of health, and liver enzymes were not predictive of mucormycosis, neutrophil counts were markedly reduced, GGT was elevated, and AST, ALT, and ALP values were reduced in animals trapped in possibly, historically, and currently affected catchments. Higher altitude, lower tail fat content, and low trypanosome numbers appeared to be associated with a greater risk of mucormycosis. However, low tail fat content and high trypanosome load were, predictably, associated with poorer general health, viz., low body weight and hemoglobin. Finally, we provide reference intervals for many parameters that should serve as benchmarks for future studies of platypuses in Tasmania.
